Large intravenous (loses of sodium borate, given to seven patients with brain tumors, caused development of temporary but consistent hypoxic-type abnormalities in the S-T segments and the T waves of the electrocardiogram. Correlation of these electrocardiographic changes with blood boron concentrations, determined up to 48 hours after boron injection, indicated that the changes were probably the result of damage by boron, present intracellularly in the myocardium. The intracellular concentrations which cause electrocardiographic abnormalities are considered to be of the order of 100 1g. pel milliliter, similar to concentrations which have been shown to inhibit respiration in in vitro mvocardial preparations.
T HE use of boron in neutron capture therapy for glioblastoma multiforme' has stimulated renewed interest in the acute toxic effects of this element. The boron dosage employed, 2 to 3 Gm. given intravenously as borate, has been reported to cause toxic reactions. 2 Observations, from this department,3 of the clinical effects of rapid intravenous borate administration have been published elsewhere. Circulatory depression and collapse are among the undesirable manifestations which we have seen and which have also been reported by others. We are not aware of published studies on the pathogenesis of this circulatory derangement or the direct in vivo cardiac effects of boron. The present report deals with electrocardiographic changes noted in patients, during and after neutron capture therapy, and relates these changes to effects on the myocardium of administered boron.
While it has been our practice to ,slight though (lefinite iml)rovement. B~loo(d boron concentration had fallen to 12 gig. per ml. Fortyeight hotIrs after injection, the Elctrocardiogramnwas lIormal and the (conce(nlt ra.ttioll of oroll ill t ie 1)loo0( had become inegligible, 2 Mg. per ml.
less coincidenlt with the onset of tachycardia, the previously isoelectric S-T segments began to show a slight negative depression and the T waves begall to (lecline ill amplitude. After 10 to 20 minutes a maximal S-T depressiolln, varying from 1 to 3) mm., was observed along with T waves w-hi(h were of minimal positive amplitude, isoelectric, or, more commonly, diphasic. These The onset of electrocardiographic changes was unrelated to the initiation of neutron bombardment of the tumor area and no characteristic changes were noted during the neutroni radiation. In this study, the exposure area was 10 by 10 cm. and the thermal neutron flux was 3 X 109 neutrons per square centimeter per second. In the group of 10 patients treated earlier,' the exposure area was 5 by 10 cm. and the thermal neutron flux was 2 X 101 neutrons per square centimeter per second. The total neutron dose was much larger in the present group of patients but the type of electrocardiographic changes was identical in both groups. DISCUSSION- These data indicated that blood boron concentration, per se, was not the critical factor in initiating electrocardiographic changes, for the electrocardiograms show ed a normal pattern during the first five minutes, following boron injection, when blood levels ranged up to 249 jug. per ml., with a median concentration of 185 ;£g. per ml. The onset of cardiac disturbances, reflected by the electrocardiograph, was at 10 to 20 minutes after injection, at a time when significant amounts of boron have presumably entered the cell water. Approximate calculations, from blood boron disappearance curves and volume distribution data in these patients, suggests that a large fraction of the boron is within the cells. Agreement is found from similar calculations on blood boron disappearance curves and volume distribution data in dogs5 and mice,6 subjected to a rapid intravenous injection of boron. The present data also suggest that the period required for regression to a normal electrocardiogram is not dependent solely on blood boron concentration, vide .J. AM. 6480. However, in all the other patients, regression of electrocardiograms to normal had occurred, when the blood boron concentration was below-12 gg. per milliliter. One other patient, M. F. 6029, showed a blood boron concentration of 40 ,ug. per mnl. after 48 hours because of severe oliguria and he continued to exhibit electrocardiographic changes. Prolongation of electrocardiographic changes would thus appear to be the result of cellular damage, resulting from a significant concentration of boron acting over some period of time.
The nature and general extent of the electrocardiographic changes were consistent and characteristic, although they were nonspecific abnormalities of the ST-T segments. This type of change is similar to that found with hypoxia of the myocardium and has often been referred to as the hypoxic or ischemic type of pattern. However 
